Summary There has been little epidemiological evidence that has comprehensively clarified whether alterations in lifestyle, such as sleep quality and dietary intake, explain changes in the skin condition of healthy young adults. Therefore, the aim of our study was to elucidate the association between skin condition and lifestyle behaviors such as diet and sleep, after statistically controlling confounding factors. The subjects were 54 participants who were aged 20-32 y, and who attended college in the Kanto region (in Japan). Transepidermal water loss (TEWL) was obtained by putting a probe on the skin surface based on the European Society of Contact Dermatitis guidelines for TEWL measurements. Self-administered questionnaires on demographic characteristics, dietary habits, and health status, such as sleep condition, depression, and fatigue, were handed to participants on the day of measurement. We found that lower sleep efficiency was significantly associated with higher TEWL (p50.023), while other demographic factors, dietary intakes, and eating behaviors were not (p.0.05). This significant association remained unchanged after controlling for confounding variables, such as sex, BMI, and dietary intake. Our findings may have important implications in the development of valuable health strategies that may suggest behavior modifications for young to middle-aged men and women.
The percentage of young adults who are obese and have metabolic syndrome is lower than that of middleaged and senior adults (1). Abnormal health status is less likely to become evident in young adults than in middleaged and senior adults. Therefore, it is more difficult to encourage behavioral changes for the maintenance and improvement of health in young adults because of low awareness with their daily lives. Considered together with the association between lifestyle and health status during youth and the risk of lifestyle diseases in the future (2), it is important to explore an early-stage and intriguing strategy to improve the lifestyles and health statuses of young people.
Recently, skin conditions have become a major concern for many young adults of both genders to maintain an attractive appearance. Our previous study showed that skin function was affected by nutritional states on a molecular level (3, 4). The production of hyaluronan, which retains moisture in the skin, has been found to be highly sensitive to the quality of daily dietary intake (5). Unbalanced dietary intake causes not only lifestylerelated diseases but also skin-related diseases, such as skin atrophy, wound healing retardation, and the exacerbation of bedsores (6-8). An epidemiological crosssectional study aimed at collegiate women (n554) also reported that transepidermal water loss (TEWL), where higher levels indicated poorer skin condition, was significantly associated with a balanced dietary intake (9). Hence, these data suggested that a skin-targeted program may be effective in improving the lifestyle of young adults.
On the other hand, a national health and nutrition examination survey has reported that 28.7% of Japanese people in their 20 s were dissatisfied with their daily sleep quality, and 53.2% of people reported getting sleepy during the daytime; this suggested that a lot of people have some problems or complaints about their sleep status (1). Sleep debt caused by a lack of sleep and impaired sleep quality in daily life can have a harmful impact on carbohydrate metabolism and endocrine function (10, 11). Because the effects are similar to those seen as a symptom of aging, it is possible that sleep debt may increase the severity of age-related chronic disorders. Oyetakin-White et al. have shown that chronic poor sleep quality was significantly associated with the conditions of the skin, such as higher TEWL levels (12) . Moreover, an acute 42-h period of sleep deprivation led to the impaired recovery capacity of skin barrier function after a tape-stripping procedure and to increases in inflammatory cytokines (13) . Despite the available data, which suggest the possibility of a close association between skin condition and sleep, there has been little epidemiological evidence that has comprehensively clarified whether factors in lifestyle such as sleep quality and dietary intake can explain the difference in the skin condition of healthy young adults. Therefore, the aim of our study was to elucidate the association between skin condition and lifestyle, such as dietary and sleep behaviors, after statistically controlling for confounding factors.
MATERIALS AND METHODS

Participants.
We conducted an observational study about the association between skin condition and health status. A total of 54 participants who were in college in the Kanto region (in Japan) were recruited through a lecture and enrolled for the study via e-mail. The sample size was calculated in reference to a previous study (9). The inclusion criteria were as follows: (1) no metabolic or dermatological disease and (2) no acute or repeated sun exposure in the month before the study. Each participant provided written informed consent after receiving an explanation of the study protocol and the potential effects of the study on their health. All study procedures were reviewed and approved by the Ethics Committee of Toyo University (No. 2015-K-01).
Assessments. We conducted this study at the end of July 2015, and assessed the skin condition, self-rated dietary habits, and health statuses, such as sleep and subjective symptoms. The skin condition was assessed under controlled conditions of humidity (58-68%) and temperature (23-26˚C) in the university laboratory. After the participants washed their faces following an established procedure for 10 min as instructed by researchers, they remained in a seated resting position for at least 15 min prior to the collection of the skin condition data. The data about skin condition was obtained using the Cutometer Dual MPA 580, Tewameter TM 300, and Sebumeter SM 815 devices (Courage and Khazaka, Cologne, Germany).
The main outcome measure was transepidermal water loss (TEWL); this was obtained by putting the Tewameter TM 300, which was a small hollow cylinder (10 mm diameter, 20 mm height), on the skin surface until a stable TEWL measurement was established (approximately 1 min) at the intersection point between the vertical line from the tail of the eyes and the horizontal line from the tip of nose. The result was expressed as g/m 2 /h. Because the levels of TEWL are typically elevated in people who have a history of atopic dermatitis, we adopted TEWL as the variable to assess the function of the stratum corneum barrier. We used the guidelines for measurement of TEWL from the European Society of Contact Dermatitis (14) . Other than TEWL, we also measured the elasticity (R7), hardness (R0), and tensile strength (R2) with the Cutometer Dual MPA 580 and sebum secretion with the Sebumeter SM 815.
Self-administered questionnaires on demographic characteristics, dietary habits, and health statuses were handed to the participants on the measurement day, and the questionnaires were returned after completion. The demographic characteristics of the participants included in the questionnaire were the following: age, height, weight, drinking, and smoking habits, resident status, part time job, current and past medical history, subjective symptoms, and average time of daily outdoor activities during the previous month. Body mass index (BMI) was calculated on the basis of self-reported height and weight [weight/height 2 (kg/m 2 )]. A selfadministered diet history questionnaire (DHQ) was used to assess dietary intakes (15) . Briefly, this questionnaire comprised semi-quantitative frequency questions for 110 selected food items, and the questions were designed to ask about the diet in the previous month. Food items and the portion sizes listed in the semi-quantitative frequency question section were chosen as foods consumed commonly in Japan. Nutrient intakes were calculated using an ad-hoc computer program developed to analyze the questionnaire (15) . The Japanese food composition tables (16) were used as the database for the food composition tables. The data about habitual eating behavior in the previous month were obtained from the response to Sakata's Eating Behavior Questionnaire (17, 18) , which was developed to detect obesity-related eating behaviors. The details of the contents of the questionnaire have been shown in previous studies (17) (18) (19) . Briefly, each of the 55 items on eating habits has been rated on a four-point scale ranging from "strongly disagree" to "strongly agree." These items were classified into scores for seven areas: cognizance of constitution (range: 6-24), motivation for eating (range: 9-36), eating as a diversion (range: 4-16), feelings of satiety (range: 6-24), eating style (range: 5-20), meal contents (range: 7-28), and temporal eating patterns (range: 8-32). Higher scores indicated more improper eating behaviors in terms of a higher probability of obesity (20) .
To assess the health status, we measured sleep quality, depression, feelings of fatigue, and physical activity. The Pittsburgh Sleep Quality Index (PSQI) has been a widely used self-report questionnaire and is used to assess sleep quality and quantity over a month (21) . The 19 item questions were measured by either an open-ended format (such as regular bedtime) or a 5-point Likert scale and yielded seven component scores: subjective sleep quality, sleep latency, duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. In this study, we used both the sleep efficiency variable as a single factor (0-100%) and the PSQI Sleep Quality score (0-21 points). Depressive symptoms were measured using the Center for Epidemiologic Studies Depression scale (CES-D), which was developed to assess the level of depressive symptoms in the general population (22, 23) . CES-D is a 20-item measure that assesses the frequency of symptoms during the past week on a 0-3 Likert scale ("rarely or none of the time" to "most or all of the time"); the standard cut-off is $16 for "possible depression" (22) . The Chalder fatigue scale was used to obtain data about severity of fatigue based on 14 items about physical and mental fatigue (24) . Physical activity in the previous month was assessed using the International Physical Activity Questionnaire (25) .
Statistical analysis. Of the 54 participants, 12 were excluded from the statistical analysis for the following reasons: possibility of a dermatological disease (n52), self-reported possibility of acute sun exposure (n52) during the previous month, possibility that their makeup could not be fully wiped off by following set procedures (n52), and missing data about the questionnaires (n56)
2 ). An extended-model approach was used for the covariate adjustment: Model 2 was Model 1 plus room temperature (continuous, in degrees Celsius), humidity (continuous, in %), energy intake (continuous, in kcal/d), the ratio of energy intake from fat to total energy intake (continuous, in %), green and yellow vegetables (continuous, in grams), other vegetables (continuous, in grams), and physical activity (continuous, in kcal/d), and Model 3 was Model 2 plus activity time in the outdoors (continuous, in hours). The values were expressed as the mean6standard deviation or frequency (%). All statistical analyses were performed with an SPSS statistical software package (IBM SPSS 23.0 for Windows, SPSS Japan, Tokyo, Japan). p-values less than 0.05 were considered statistically significant using the two-tailed tests.
RESULTS
The demographic characteristics of the study participants (n542) are shown in Table 1 in Table 2 . Bivariate (unadjusted) associations between the TEWL and each demographic characteristic are shown in Table 2 . Lower sleep efficiency was significantly associated with a higher TEWL (p50.023), while the other demographic factors were not. TEWL also did not have any significant associations with the other parameters pertaining to skin condition (p.0.05). The bivariate (unadjusted) associations between TEWL and dietary intake and eating behavior are shown in Table 3 . Those variables did not significantly differ among the quartiles (p.0.05).
We examined the relationship between TEWL and sleep efficiency using simple and multivariable linear regression analyses. The simple linear regression analysis (Table 4) showed that TEWL was significantly associated with sleep efficiency (b520.417, p50.008). This significant association remained unchanged after controlling for the confounding variables, such as sex, BMI, and dietary intake (Model 1-3).
DISCUSSION
Our study developed the findings from our molecular biological study into an epidemiological study and was aimed to clarify the associations between skin condition and lifestyle behaviors, such as diet and sleep. As a result, the sleep efficiency, which was calculated by an actual sleep time and total time of bed rest, had a significant association with TEWL after controlling for confounding variables, such as demographic characteristics and dietary intake. This finding suggested that proper sleep may lead to the maintenance of the function of the stratum corneum barrier. The importance of TEWL as a measure of skin barrier function has been widely acknowledged. Therefore, an inflammatory state such as atopic dermatitis, which results in a decrease in barrier function, indicates a higher TEWL value (26) . Our results demonstrated that sleep efficiency significantly varied from Q1 to Q4, indicating an association between lower sleep efficiency and the attenuation of barrier function. Moreover, this significant association remained unchanged through multiple linear regression analyses that controlled for confounding factors. Oyetakin-White et al. (12) evaluated the effect of chronic poor sleep quality on the skin condition in 60 healthy Caucasian women, and found that the poor sleepers had significantly higher levels of TEWL and that good sleepers had 30% greater barrier recovery compared with poor sleepers after a tape-stripping procedure. Our results are consistent with those of our previous study, and the chronic decrease in barrier function may be caused by an accumulation of the temporal decrease in recovery capacity. Altemus et al. investigated the effect of a 42-h sleep deprivation on several dermatologic and hormonal measures in 11 women, and showed that the sleep deprivation led to an impaired skin barrier recovery capacity after a tape-stripping procedure and to significant increases in inflammatory cytokines, such as plasma levels of IL-1b, natural killer cells, and TNF-a (13). Young et al. demonstrated that TNF-a rapidly induced highly unstable intermediates, called reactive oxygen species (ROS), in primary human keratinocytes (27) . ROS are believed to be a major contributing factor to skin impairments, such as aging, through the destruction of the collagen and elastin network (28) . Therefore, it may be possible that the association between lower sleep efficiency and impaired stratum corneum barrier function is mediated by the production of ROS and inflammatory cytokines, while further studies are also needed to investigate the possibility that skin condition contributes to sleep efficiency.
Our previous study revealed that skin function was affected by the nutritional state on a molecular level (3, 4). In the present cross-sectional study, however, no significant association of TEWL with dietary intake or eating behavior was detected. The previous study involved collegiate women (n554) and showed that TEWL was significantly associated with the ratios of the energy intake from fat to total energy intake, intakes of carbohydrate, vitamin B1, and vegetables (9). The discrepancy of these results may be due to the differences in study populations because their data was limited to women having a lower nutritional status though our results about dietary intake could not be compared with their results because of the differences in assessment method. Considered together with the fact that the number of participants who were classified as having depressive tendencies was higher in this study because of the days of the measurement period (just before examinations), the effect of sleep efficiency on TEWL may have been overestimated compared to other factors. Further studies will be needed to clarify the association of dietary intake and eating behavior with skin conditions in different populations.
There were several limitations in this study. First, our study was a cross-sectional design and did not indicate causality. Second, the variables for sleep efficiency were self-reported and assessed using a subscale of the PSQI questionnaire. Although the PSQI questionnaire has been validated, a more objective assessment of sleep status using the Actigraph accelerometer motion sensor may be needed. Third, our results cannot be extrapolated to all young Japanese people because of the limited number of participants that had been enrolled from a particular university. Finally, although some confounding variables (i.e., dietary intake and physical activity) were considered in this study, other potential variables, such as daily skin-care and makeup routines, should be fully incorporated into the research.
In conclusion, lower sleep efficiency may be associated with the disruption of the function of the stratum corneum barrier, and the association was not modulated by other confounders. Because skin condition is important to not only young men and women but also to middle-aged people, further study will be needed to explore the causality between sleep efficiency and skin condition. These findings may have important implications for the development of valuable health strategies to suggest behavior modifications for young to middleaged men and women.
